ABSTRACT Broiler breeders hatched from Salmonella negative grandparents received either zero or 50 g/MT of refined functional carbohydrates (RFC) in their diets from d of placement to end of lay. There were no other treatments used. Pullets and cockerels were reared separately in an enclosed litter-floor house to 21 wk of age when 28 randomly selected pullets from each diet were transferred to individual cages for an additional 14 d before they were killed, and their ceca were excised aseptically and tested for Salmonella spp. The remaining birds were transferred to a two-thirds slat and one-third litter curtain-sided laying house. There were 8 pens of 60 to 65 females and 8 to 18 males, depending upon flock age and housing type, fed each diet, and there was no effort made to isolate pens from typical daily foot traffic between pens. At 51 wk of age, male progeny broiler chicks were hatched and received either zero or 50 g/MT of RFC to complete a 2 × 2 design with 4 replicate pens of 12 males per interaction. All broilers were tested for cecal Salmonella spp. at 34 d of age. Ceca were collected from 30 breeder hens from each treatment at 64 wk of age and tested for Salmonella spp. Of the ceca sampled at 23 wk from the control pullets, 71.4% were found to contain Salmonella spp., while none of the ceca from the RFC pullets tested positive. Of the ceca sampled from the control hens at 64 wk, 40% were found to contain Salmonella spp., while none of the ceca from the RFC hens tested positive. Salmonella spp. was isolated from broilers in one pen of the control broilers that were also progeny of control breeders out of 4 replicates but not from any pens in which the breeders had been fed RFC. These data demonstrated that RFC reduced natural Salmonella spp. colonization of broiler breeder hen and broiler progeny ceca during a complete production cycle.
INTRODUCTION
Salmonella control in poultry production has continued to be important for the well-being of both humans and poultry alike. In the United States alone, Salmonella has been regarded to be responsible for one million illnesses, 19,000 hospitalizations, and 380 deaths annually (CDC, 2015) . Contaminated poultry products have been a contributor to these figures (Bryan and Doyle, 1993) . As a result, The United States Department of Agriculture's Food Safety Inspection Service Agency (FSIS) has undertaken the process of implementing the Salmonella Initiative Program, which has stipulated that poultry processing plants were to be tested daily for Salmonella to ensure that the in-C 2017 Poultry Science Association Inc. Received November 2, 2016. Accepted March 1, 2017. 1 Corresponding author: jbrake@ncsu.edu 2 Use of trade names does not imply endorsement by NC State University of products mentioned nor criticism of similar products not mentioned cidence was maintained at levels below half of the then current standard (USDA, 2013; 2014a) . As poultry producers have attempted to eradicate Salmonella from their flocks, the concurrent development of antibiotic resistant pathogens has resulted in a move away from antibiotic usage in animal agriculture (Ganan et al., 2012; Gilbert, 2012; Spellberg et al., 2013) . Therefore, due to pressure from government agencies and consumer-driven markets, it has become crucial that alternative methods to control foodborne pathogens continue to be investigated and developed.
The use of yeast (Saccharomyces cerevisiae) and its derivatives in animal diets has become popular due to their nutritional effects, immunological effects, and ready availability (Moyad, 2007 (Moyad, , 2008 . Special interest has been given to mannan oligosaccharides (MOS), which have been derived from the cell wall of yeast, mainly because of the bacterial binding characteristics of the mannose sugars in the MOS network (Oyofo et al., 1989a,b; Newman, 1994; Oyofo et al., 2015) . Recent interest has been given to MOS as a means to control microbial populations harbored by 2684 live poultry, since MOS has been shown to agglutinate strains of both E. coli and Salmonella spp. and reduce Salmonella spp. cecal colonization of broiler chicks (Oyofo et al., 1989a; Spring et al., 2000) . However, an instance of traditional MOS supplementation completely eliminating Salmonella presence in the ceca of poultry had yet to be documented.
To further develop MOS as a means to control Salmonella spp. in poultry, a novel method was utilized in which the MOS of yeast cells were enzymatically hydrolyzed. Appropriate enzymatic hydrolysis of yeast exposed D-mannose sugars held within the MOS complex to produce refined functional carbohydrates (RFC) that have activities against a range of Gram negative bacterial species. This action was due to the presence of the Type 1 fimbriae on these species, which have been shown to be bound by D-mannose (Duguid, 1959; Duguid et al., 1966; Oyofo et al., 1989a) . It was hypothesized that RFC formed irreversible agglutinates with bacteria such as Salmonella, which would then be eliminated from the intestinal tract in the feces and be no longer infectious. In fact, a previous study demonstrated that these specific RFC were able to reduce cecal Salmonella spp. colonization in turkeys (Huff et al., 2013) . The objective of the present study was to evaluate a minimal continuous dosage of dietary RFC as a means to control Salmonella spp. in broiler breeders since these birds comprise a critical component in the integrated commercial broiler production system and could serve as a source of contamination in broiler flocks due to vertical transmission from parent to progeny (Jarquin et al., 2009; Oh et al., 2010) .
MATERIALS AND METHODS

Broiler Breeder Rearing and Laying Diets
Feed formulas are shown in Table 1 . Day-old chicks (females and males) were fed a single mash starter diet with 17.5% crude protein (CP), and 2.9 kcal/g ME to 6 wk of age with corn ground to an average particle size of approximately 600 μm using a roller mill. This was followed by a 15.5% CP, 2.9 kcal ME/g mash growing diet to 23 wk of age containing corn ground to approximately 1,200 μm with a roller mill. The layer diet was fed to both sexes in sex-separate feeders from 24 to 64 wk of age with the corn ground to approximately 1,200 μm by roller mill, and the diet was formulated to contain 2.9 kcal ME/g and 15.0% CP.
Broiler Dietary Treatments
The diets are shown in Table 2 . Each broiler pen was assigned one of 2 dietary treatments within the 2 breeder treatments with 4 replicate pens per interaction to complete a 2 x 2 factorial design. Broiler diets provided either zero or 50 g/MT RFC. Broilers were provided mash starter and pelleted grower diets for ad libitum consumption. 2 Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
3 Selenium premix provided 0.2 mg Se (as Na 2 SeO 3 ) per kg of diet. 4 Diets manufactured from pooled ingredients and confirmed by proximate analysis.
5 Starter diet was fed to 6 wk of age. 6 Grower diet was fed from 7 to 23 wk of age. 7 Layer diet was fed from 24 to 64 wk of age.
Feed Manufacture
Dry ingredients were blended for 180 s in a twin shaft counterpoise mixer (Model TRDB126-0604, Hayes and Stolz, Fort Worth, TX), followed by addition of fat and mixing for an additional 90 seconds. The broiler breeder diets were fed as mash, as was the broiler starter diet. The broiler grower diet was steam-conditioned in a single pass conditioner for 30 s at a temperature of 79.4
• C (175
• F and then pelleted using a 30 HP California Pellet Mill, Model: PM1112-2, Crawfordsville, IN, which was equipped with a 4.4 x 35 mm die.) Immediately thereafter, diets were cooled in a counter flow cooler (Model: VK09X09KL, Geeland Counterflow USA, Inc., Orlando, FL). A commercially available RFC additive (Aviator SCP; Arm and Hammer Animal Health, Princeton, NJ) was added at the expense of filler during mixing at an inclusion rate of 50 g/MT to produce the RFC treatment diets. Diets were mixed in sequence of control first and amended second from the same batch of ingredients over the entire course of the study. 1 Vitamin premix supplied the following per kg of diet: 6,614 IU vitamin A, 2,000 IU vitamin D3, 33 IU vitamin E, 0.02 mg vitamin B12, 0.13 mg biotin, 1.98 mg menadione (K 3 ), 1.98 mg thiamine, 6.6 mg riboflavin, 11 mg d-pantothenic acid, 3.97 mg vitamin B6, 55 mg niacin, and 1.1 mg folic acid.
2 Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
3 Selenium premix provided 0.2 mg Se (as Na 2 SeO 3 ) per kg of diet. 4 Salinomycin (Sacox 60, Intervet/Merck; Millsboro, DE) supplied at 60 g of active ingredient per 907.19 kg of feed.
5 Diets manufactured from pooled ingredients and confirmed by proximate analysis.
6 Starter diet was fed to 14 d of age. 7 Grower diet was fed from 15 to 33 d of age.
Broiler Breeder Rearing Management
A total of 1,040 one-day-old female Ross 708 and 288 male Ross 344 broiler breeders, produced from National Poultry Improvement Plan (NPIP) grandparents (Aviagen, Huntsville, AL), was received as Salmonella spp. negative and, thereafter reared in 16 female pens (14.3 m 2 area; 65 females per pen) or 16 male pens (4.6 m 2 area; 18 males per pen) on new pine wood shaving-floor pens in an enclosed, heated, and fanventilated house. Chicks were vaccinated for coccidiosis and Marek's disease at the hatchery. All females and males were permanently identified with neck tags at placement. Litter was sprayed with water weekly in the rearing house to promote natural immunity against coccidiosis. Fresh air entered each pen through side wall inlets, and 2 24-inch and/or 2 36-inch exhaust fans were used as appropriate for ventilation in the rearing house. Five space heaters and 6 upward-directed, continuously operating fans were placed in the central walkway with pens on either side to maintain uniform temperature among the pens. The litter temperature was 35
• C (95 • F) for the first 2 d, and the ambient temperature was 29.4 to ∼32.2
• C (85 to ∼90 • F) through 7 d of brooding. Each pen was equipped with tube feeders (DH-4; Kuhl, Flemington, NJ) that had a pan with a circumference of 132 cm. From placement to 14 d of age, all female pens had 4 tube feeders followed by 3 tube feeders to 10 wk of age. From 11 to 15 wk, 4 tube feeders were again used, and 5 tube feeders were used from 16 wk until birds were moved to the laying house at 21 wk of age where there were 4 tube feeders used for females. Males had one tube feeder per pen at all times. Two bell-type drinkers were used per female pen during both rearing and laying, while males had a single bell-type drinker per pen during rearing and shared the drinkers with females during laying. During the first wk of brooding, an additional 6 feeder lids per female pen and 3 feeder lids per male pen were used, while 2 additional font drinkers per female pen and one font drinker per male pen were used during the first week. The lighting program utilized 23 h of light per d to 7 d of age, and 8 h of light per d at an average intensity of 15 lux by using 12 W florescent light bulbs from 8 d to 21 wk (147 d) of rearing. Water was typically available for 6 h daily and limited by a time clock and solenoid system sufficient to allow the birds to have unlimited access to water while feed was present and a similar amount on non-feed d during rearing. Males and females were fed with a 4/3 program from 2 to 12 wk, 5/2 program to 21 wk, and daily thereafter.
Broiler Breeder Laying Management
Of the birds present at 21 wk (147 d) of age, 8 males of average BW from each male pen and 60 randomly selected females from each female pen were combined and moved to a 16-pen, biosecure, curtain-sided laying house. Each of the 16 pens (15.9 m 2 ) had its total area partitioned into two-third wooden slats and one-third new pine shavings litter. Female feeders were placed above the slats, while the male feeder was placed in the litter area. Non-dubbed males were prohibited from eating from each female tube feeder by the presence of grills with 16 4.8 x 5.8 cm holes. Water was limited to 8 h per d during laying beginning immediately after feeding at 0730 h, typically. Each pen held a nest box comprised of 4 double (50.8 cm wide) and 4 single (25.4 cm wide) nest spaces. Nest eggs were collected twice daily, maintained separately by pen in egg flats, separated from floor eggs, and stored in an egg cooler at 16.7
• C (62 • F) and 70% RH until incubated. Mortality was collected and recorded twice daily from start of lay at 25 to 64 wk of age. Upon being moved to the laying house at 21 wk of age, birds were photostimulated with 14 h of light. Day length was increased 10 d later to 15 h, to 15.5 h at 5% egg production, and finally to 16 h at 50% egg production. During normal daylight h, natural light entered the laying house through open or translucent curtains, and supplemental light with an intensity of 35 lux at bird head level was provided by 18 W fluorescent lamps when natural light was not present during the 16 h photoperiod.
wk Pullet Sampling
A random sample of 28 pullets per diet that remained in the female pens following transfer as described above were moved to individual cages in a separate biosecure house, where they remained on their respective diets for an additional 14 d before sampling. This number represented 5.4% of the flock. Prior to sampling, a final individual BW for each pullet was obtained and pullets fed the RFC diet were sampled first. Pullets were killed and had their ceca aseptically excised, weighed, and placed in a cooler filled with ice. Ceca samples were transferred to a BSL II microbiology laboratory where they were tested for the presence of Salmonella spp. following standard methods (USDA-FSIS, 2014b). Ceca were pooled into groups of 2, placed into stomacher bags (VWR International, Radnor, PA), and pulverized with a rubber mallet. A 1% buffered peptone solution was added to the bags based on the pooled sample weight to produce a one-part sample: 9 parts buffered peptone solution. Each sample solution was then placed in a mechanical stomacher for 30 s and incubated at 37
• C overnight (16 to 20 h). After incubation, sample solutions were agitated before aliquots were added to Tetrathionate (TT) and Rappaport-Vassiliadis (RV) broth tubes with one mL of sample to the TT tubes and 200 μL to the RV tubes. Tubes were vortexed, caps were loosened, and tubes were incubated at 42
• C for 24 h. After incubation, a 10 μL disposable inoculation loop was used to streak aliquots of sample from both RV and TT tubes onto Brilliant Green Agar (BGA) and Rapid Salmonella Agar (Bio-Rad Product #3563961; Hercules, CA). Plates were incubated at 37
• C overnight (18 to 24 h). Presumptive positive samples were confirmed with Triple Sugar Iron (TSI) and Lysine Iron Agar (LIA) slants by stabbing the media slants with an isolated colony obtained from one of the previously described media with a sterile inoculation loop and streaking upwards, followed by incubation at 37
• C overnight (18 to 24 h).
wk Breeder Hen Sampling
A sample of 30 hens per diet were selected from the 2 rearmost pens in the curtain-sided laying house, as these were believed to have had the best opportunity to accumulate contamination due to daily foot traffic over the course of the study. This number represented 6.3% of the flock. Hens fed the RFC diet were weighed and sampled first. Ceca samples were collected and processed as above and individually tested for Salmonella spp. as above with the following exception: Xylose Lysine Deoxycholate Agar (XLD) was used in addition to the BGA and Rapid Salmonella Agar. Presumptive positive samples were confirmed as above.
Fertility, Hatchability, and Progeny Production
Nest eggs were collected twice daily, maintained separately in egg flats by pen, and stored in an egg cooler at 16.7
• C (62 • F) and 70% RH until set for incubation. Floor eggs were removed prior to storage. There were 60 eggs per pen routinely set and incubated in a Jamesway model 252B incubator (Butler Manufacturing Co., Ft. Atkinson, WI) at least every other week. Thus, a total of 1,200 eggs per replicate pen, and 9,600 eggs per treatment, was set for fertility and hatchability analysis. After hatching was completed, unhatched eggs were examined macroscopically to determine fertility and time of embryonic mortality with embryos that had died before 8 d of incubation being termed early dead and embryos that had died after this time termed late dead, as there were very few middle dead embryos observed. Eggs that exhibited observable signs of contamination, such as odor and gas production, were recorded as such and presumed to be fertile. Eggs that were cracked during handling and incubation were not included in these calculations. Eggs also were collected by breeder pen with gloved hands at 51 wk of age and incubated in 2 separate incubators based on breeder treatment for pedigree purposes and to reduce cross contamination in incubators as much as possible.
Broiler Progeny Evaluation
Hatched broiler chicks were removed from hatching trays, sexed using the feather sexing method, and maintained in hatching baskets separately by breeder pen until placement. Randomly selected male chicks were transferred from the hatchery to a curtain-sided, heated, fan-ventilated housing facility where 12 male chicks from the same breeder treatment were selected, group weighed, permanently identified with neck tags, and distributed among 16 floor pens with new nonstored wood litter shavings. Pens contained one belltype drinker and 2 tube feeders. Three additional supplemental feeder flats were used until 5 d of age, with one being removed at that time and another being removed at 10 d to leave one remaining until 14 days. Feed was added and mounded to these as needed. Tube feeders were shaken twice daily after 7 d to maintain feed flow. An additional font drinker was used until 10 d of age. Litter temperatures were 36.7
• C (98 • F) for the first 2 days. Ambient temperatures were maintained at or above 32.2
• C (90 • F) through 7 d of brooding, and litter temperatures were gradually reduced to 28.8
• C (84
• F) by 21 days. House temperature was kept uniform throughout by use of upward-directed stir fans placed in the center walkway with pens on either side. These ran continuously throughout the trial. Curtains were lowered only when ambient house temperatures approached 80
• F after 14 d and then raised at night so that exhaust fan ventilation could be utilized. There were 23 h of light provided through 7 d with 18 W fluorescent lamps, followed by 22 h until 14 d, 21 h to 21 d, and 14 h beyond 22 days. Natural light alone was used during daylight hours.
Broiler Cecal Sampling
At 34 d of age, all broilers were euthanized and their ceca aseptically excised and processed as described above. RFC-fed broilers that were progeny of RFC-fed hens were sampled first and control-fed broilers from control-fed parents were sampled last.
Statistical Analysis
Breeder plate culture data were analyzed as a single factor design (RFC inclusion in diet versus no RFC inclusion) with media plate serving as the experimental unit for the 23-wk pooled bird ceca data and with bird serving as the experimental unit for the 64-wk individual bird ceca data. These data were analyzed using GLIMMIX and FREQ procedures of SAS software (SAS Institute Inc., 2011). Broiler breeder performance and production data were analyzed as a single factor design using the GLM procedure of SAS with pen serving as the experimental unit (SAS Institute Inc., 2011). Data produced from 34-d individual broiler ceca sampling were analyzed as a 2 x 2 factorial design using the PROC FREQ procedure of SAS with pen as the experimental unit. Percentage data were subjected to arcsine transformation to normalize distributions. Significant differences among treatment means were separated using the least squares means procedure. Unless otherwise stated, differences were considered statistically significant at P ≤ 0.05.
RESULTS
wk Pullet Sampling
There were no significant differences in BW among the treatments at 23 wk (data not shown for brevity). Of the 14 pooled samples from the 28 pullets fed the control diet, 9 were confirmed with 2 types of selective media and TSI-LIA confirmation to harbor Salmonella spp. (71.43%). Salmonella spp. were not isolated in pullets fed the RFC diet (0%), which produced a significant treatment difference (P < 0.05; Table 3 ).
wk Sampling
There were no significant differences in breeder BW among the treatments at 64 wk (data not shown for brevity). Of the 30 individual samples from the hens fed the control diet, 12 were confirmed with 3 types Table 3 . Incidence of broiler breeder cecal Salmonella spp. as affected by breeder feeding of refined functional carbohydrates (RFC) to 23 and 64 wk of age. 1 RFC (Aviator SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to diets during mixing in sequence at the expense of vermiculite filler to produce the RFC treatment diets.
2 Standard error of the mean (SEM) for n=8 pens of initially 60 hens and 8 roosters each at start of egg production.
3 A total of 1,200 eggs per replicate pen, and 9,600 eggs per treatment, was set.
of selective media and TSI-LIA confirmation to harbor Salmonella spp. (40.0%). Salmonella spp. were not isolated from hens fed the RFC diet (0%), which produced a significant treatment effect (P < 0.05; Table 3 ).
Egg Production, Fertility, Hatchability, and Livability
There were no significant differences found due to treatment with regard to egg production on either a hen-housed or hen-day basis, or mortality (Table 4) . There were no significant differences found due to treatment with regard to cumulative fertility, as well as hatchability of fertile eggs and total eggs (Table 4) .
Broiler Cecal Sampling Results
Salmonella spp. were isolated at 34 d of age from the ceca of 2 broilers in one replicate pen of controlfed broilers that were also progeny of control-fed hens (Table 5) . Treating pen as the experimental unit, this resulted in 25% positive broiler pens for this experimental treatment. Salmonella was not isolated in the ceca of birds from any other treatment (Table 5) . 
DISCUSSION
Instead of challenging hens with a specific Salmonella serovar, broiler breeders from NPIP grandparent flocks were allowed to be naturally exposed to Salmonella spp. present in the environment where inoculation and proliferation were achieved through incorporated experimental procedures such as untreated feed, daily foot traffic among pens, and the stress of transfer to cages or slats upon photostimulation. The RFC were able to significantly reduce the incidence of naturally occurring Salmonella spp. in the ceca of broiler breeder females in a complete production cycle under these conditions that reasonably reflected commercial circumstances. There were no antibiotics or similar antimicrobial feed components used in addition to the RFC. Therefore, the absence of cecal Salmonella spp. at both sampling times was attributed to RFC action in whole or in part. Further, broiler progeny produced from RFC-fed breeders also remained negative to 34 d of age whether fed RFC or not (Table 5) .
The weekly litter spraying regime during breeder rearing could have exacerbated Salmonella spp. and similar Enterobacteriaceae in the litter floor pens during rearing and had some effect on overall health as intended. Under commercial scenarios, litter moisture ranges from dry to wet. That range was covered in the course of the present study, which indicated that the RFC used posed no significant health risk. However, RFC may have improved health to the point of saving a few birds that would have otherwise died. These birds probably remained in the RFC population but laid fewer eggs, which would explain the numerically reduced egg production of RFC-fed hens when compared to control-fed hen production. Further, a brief incident of mild heat stress-related mortality in the open-sided laying house at the start of egg production accounted for some mortality but overall mortality for both sexes was within typical commercial norms. Furthermore, initiation of laying diet feeding before sexual maturity intentionally created a slightly greater moisture pen environment due to early dietary calcium (Leeson and Summers, 1987) as intended in this study. Consequently, the microbial populations were provided an opportunity to proliferate even more so than under more ideal conditions. These manipulated experimental conditions were meant to simulate imperfect conditions that would have been encountered in a commercial setting so as to test the effectiveness of dietary inclusion of RFC in a somewhat challenging scenario. No significant difficulties in live performance were observed.
Since ingredients of animal origin were used at the feed mill and unpreventable environmental vectors such as mice and insects were present, Salmonella spp. were obviously present in the feed and/or environment in the current study, as evidenced by the data. No animal byproducts were used in the diets of the present study, but these products were used routinely in the feed mill. Contaminated equipment, transport, and storage units were other possible sources (Jarquin et al., 2009 ). Despite biosecurity measures taken throughout the duration of this study, environmental contamination of housing facilites was entirely possible due to typical feed and environmental vectors in a manner similar to the best managed commercial scenerios. Furthermore, Salmonella spp. has demonstrated an ability to persist in farm-type environments with or without poultry present for at least one year (Davies and Wray, 1996) . Contamination could have been the result of a previously housed Salmonella-positive flock despite the cement floor facilities used in this study having been thoroughly cleaned and disinfected.
The ultimate aim of Salmonella spp. control in broiler parents has been to accomplish control in the broiler progeny. The absence (Table 5) of Salmonella spp. in the ceca of broiler progeny of RFC-fed breeders as compared to control breeders at 33 d of age suggested that this could be possible with RFC.
In conclusion, this study demonstrated that Salmonella spp. naturally proliferated in the ceca of broiler breeder hens produced from NPIP grandparents throughout a commercial cycle but could be controlled by continuous inclusion of 50 g/MT of RFC in the diet. The lack of significant differences among overall live production variables, mortality, fertility, and hatchability with respect to dietary treatments indicated that inclusion of RFC controlled Salmonella spp. without having negative effects on the flock. Since control of Salmonella during production of feed can be costly and inefficient, it was important that it could be controlled in broiler parents so as to prevent vertical transmission to boiler progeny that ultimately could lead to contamination at the processing plant and in processed poultry products. As global poultry production has shifted away from antibiotic usage in feeds as a means to control opportunistic pathogens, it has become imperative that alternative products such as RFC be investigated. It would be difficult to state that the RFC treatment totally eliminated Salmonella spp. without exhaustive testing beyond the scope of this study. However, the data from this study clearly demonstrated the efficacy of the RFC in achieving substantial control of Salmonella spp. in broiler breeders and their progeny in near commercial conditions during a complete production cycle.
